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SPECIFICATION 

1. TITLE OF THE INVENTION 

MUTING CIRCUIT 

2. CLAIMS 

(1) A sound signal muting circuit of a digital communication device 
comprising a carrier regenerator circuit to regenerate a carrier from a 
modulated wave signal modulated by a digital signal, a multiplying circuit to 
multiply the carrier regenerated in the drcuit with the modulated wave 
signal, a low-pass filter connected to the output of the multiplying circuit, a 
zero cross discrimiaation circuit to convert the output signal of the low-pass 
filter to 2-value signal, a decoder circuit to decode a digital data from the 
output of the discrimination circuit, a digital/analog converter circuit 
connected to the output of the decoder circuit, a switch circuit connected 
between the output end of the digital/analog converter circuit and output 
terminal, an amplitude discrimination circuit to identify the amplitude of the 
output signal of the low-pass filter, and an integrator circuit connected to the 
discrimination circuit, characterized in that the switch circuit is opened or 
closed by the output of the integrator circviit. 

3. DETAILED DESCRIPTION OF THE INVENTION 
Industrial Field of Utilization 

The present invention relates to a muting circmt of a sound signal in 
a digital communication device of a sound using a carrier wave. 
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Related Art 

A digital communication method of a sound includes a PCM 
subcarrier method disclosed in "Report for sound signal in 12GHz band 
satellite broadcasting^ (Telecommunications Tfechnology Council in fourth 
Committee in November. 1982). According to the above method, as shown 
in Fig. 1(a) and (b), sound signals inputted to sound input terminals (l), (2), 
(3) and (4) are converted to digital signals by an A/D converter (5) and then 
encoded by an encoder (6) including an error corrector circuit, a scramble 
circuit and the like. The coded signal is converted to a subcarrier signal by 
a 4 phase DPSK (Differential Phase Shift Keying) circuit (7) and then mixed 
with a video signal inputted from a video signal input terminal (8) and 
converted to a FM signal by a frequency converter (9). This FM signal is 
sent from a parabolic antennal (11) by a transmitter (10) in a 12GH2 band as 
an electric wave. The electric wave sent from the paraboHc antenna is 
received by a receiver through a broadcast satellite (12). 

On the receiver side, the electric wave is received by a receiving 
paraboUc antenna (13) and then supplied to a receiver (14) in a 12GHz band 
and applied to an FM demodulator (15) as a middle frequency signal. The 
signal demodulated by the demodulator is divided into a video signal and 4 
phase DPSK subcarrier signal and outputted from the output terminals (17) 
and (16). respectively. The subcarrier signal is further demodulated by a 4 
phase DPSK demodulator circuit (18) and returned to a digital signal in a 
base band and returned to the original sound signal through a decoder (19) 
including a descramble circuit, an error corrector circuit and the like and a 
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D/A converter circuit (20) and outputted from audio output terminals (21), 
(22), (23) and (24). 

According to the above audio digital communication method, there is 
a problem with a digital data error after the 4 phase DPSK demodulation 
due to the lowering of S/N (Signal/Noise) in the subcarrier after the FM 
demodulation caused by the lowering of the received carrier signal level. 
The data error can be corrected to some extent by the error correction circmt 
of the decoder (19) in Fig. 1(b). However, when the data error is frequently 
generated, correction error is frequently generated and a very loud noise is 
generated in the soimd signal. Since the noise reaches the maximimi 
output level of the soimd signal and very harmful in hearing, as measures 
against it, an output sound signal is suppressed by a muting circuit in 
general. This will be briefly described with reference to Fig. 2. The digital 
data demodulated by the 4 phase DPSK demodulator circuit (18) is inputted 
to the decoder surrounded by a broken Kne. In the decoder (19), a 
synchronous signal in the data is detected every frame by a synchronous 
detector circuit (25) and the scrambled state of data is descrambled by a 
descramble circuit (26) and then inputted to an error corrector circuit (27) 
and an error detector circuit (28). The data error is detected by the error 
detector circuit (28) and the correction is made by the error corrector circuit 
(27) by the detected signal and when the data error is frequently generated, 
the sound signal outputted from the D/A converter (20)lferpuffh the error 
^ , corrector circuit (27) and a data extractor circuit (29) is cut offJhy switches 
(30), (31), (32) and (33) controlled by the error detector circuit (28) and its 
outputted state is made to be a no-signal state by the audio output terminals 
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(21), (22). (23) and (24). In addition, it is assumed that the error detector 
circuit is provided with both error detection function at each time and error 
frequency detection function in a certain time. 

According to the above constitution, when the data error is 
frequently generated, since the outputted sound signal is cut off by the 
output terminal, the acoustically harmful loud noise can be avoided. 
However, when the error frequency is further increased, that is, when it is 
difficult to detect the synchronous signal by the synchronous detector circuit 
(25), for example, a detection error is generated in the error detector circuit 
(28) and accordingly an error is generated in the operation of the switches 
(30), (31), (32) and (33) operated by the error detection signal, so that the 
loud noise could be outputted to the audio output terminals (21), (22), (23) 
and (24). 

Object 

In order to solve such problems, an object of the present invention is 
to provide a muting circuit of a voice output signal that can prevent a sound 
signal from being ou<putted to an output terminal without any error 
operation even in a bad receiving condition in which error frequency is 
extremely high. 

Constitution 

According to the present invention, it is constituted such that an 
accurate muting operation signal is provided by detecting a receiWng 
condition in the 4 phase DPSK demodulator circuit (18) shown in Fig. 2 
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instead of the method of operating the muting circuit by the error detection 
signal of the error detector circuit (28) in the decoder (19) shown in Fig. 2. 

Embodiment 

One embodiment of the present invention will be described with 
reference to Fig. 3. A 4 phase DPSK signal from an input terminal (16) is 
inputted in a 4 phase DPSK demodulator circuit (18) surrounded by a broken 
line- First, the 4 phase DPSK signal is inputted to a carrier regenerator 
circuit (41) and two kinds of carriers with a phase of + pi/2 and - pi/2 are 
regenerated in the circuit. The regenerated carriers are multipHed by the 4 
phase DPSK signal in multiplying machines (34) and (37), respectively. 
Double components of the carrier and a carrier frequency of the carrier 
multipKed signals are removed by low-pass filters (35) and (38) and then 
identified by a zero cross discriminations (36) and (39), so that they are 
converted to 2-value signals. The original data is regenerated from this two 
kinds of 2-value signals by a data regenerator circuit (Code Regenerator 
Circuit) (40). A bit clock at this time is regenerated by a timing regenerator 
circuit (Retiming Circuit) (12) in response to the output signal of the zero 
cross discrimination (39). The digital data is inputted to a decoder (19) 
similar to the above example and then it is restored to a sound signal by a 
D/A converter circuit (20) and outputted from output terminals (21), (22), 
(23) and (24) through switches (30), (31), (32) and (33). The switches (30), 
(31), (32) and (33) are muting switches for the sound signal and they are 
constituted such that they are opened or closed by a signal that is provided 
by smoothing the output signal of an amplitude discrimination circuit (43) 
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for identifying the ampHtude of the signal outputted from the low-pass filter 
(38), in an integrator circuit (44). 

The muting operation according to the present invention will be 
further described with reference to Fig. 4. When the phase relation 
between the carrier in the multiplying machine (37) shown in Fig. 3 and the 
4 phase DPSK signal is normal, that is, it is pi/4, the multipUed signal after 
passed through the low-pass filter (38) has a waveform shown in Fig. 4(a) 
and its ampUtude is an approximately constant value (Vh). That is, when it 
is assumed that the 4 phase DPSK signal is S(t), the carrier signal having 
the phase relation of pi/4 with that signal is C(t) and these signals are 
represented by formulas (D and (2), respectively, their multiplied result is 
represented by formula (3). In addition, (d and c designate a carrier 
firequency and t designates a 4 phase state of 0, 1, 2, and 3. 

0(t)- B oos(a>at-|- n/4 ) {2| 

8 («}• C (t). cAeoB ( It e t+fir/i ) ) <Be o a 



(3) 



When double component of the carrier frequency in the formula (3) is 
removed, its result is represented by formula (4). 

SW. C(t>- i AB« OB iitl, Ml 

When it is assigned such that A=B=1 and 1=0, 1, 2 and 3, the amplitude of 
the signal represented by the formula (4) is yV2. That is. the above (Vh) is 
1/V2. 

Meanwhae, when the phase of the carrier signal is pi/2 with respect 
to the 4 phase DPSK signal, its result is represented by formula (5) by the 
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similar calculation. 

S(Q'C(t)={Ac« a ( B c t4-itir/2))(BcoBCi» 
ooiirl,) ^ 

In the formula (5), when double component of the carrier is removed 
and then it is assigned such that A=B=1 and €=0, 1, 2 and 3, the amplitude of 
the signal represented by the formula (5) is 1. The output signal of the 
low-pass filter (38) in this phase state is shown in Pig. 4(b). That is, the 
amplitude Yh' is 1. 

In addition, the state shown in Pig. 4(b) is generated due to the phase 
shift of the regenerated carriers in a carrier regenerator circuit (41) in Fig, 3 
and the phase shift causes the S/N of the 4 phase DPSK signal to be lowered 
due to the deterioration of the receiving condition, so that the phase lock in 
the carrier regenerator circuit (41) becomes off. In a receiver using the 4 
phase DPSK, the error caused by this state generates vary loud noise. 
Therefore, when the switches (30), (31), (32) and (33) are opened by detecting 
the variation of the demodulated signal amplitude due to the phase shift, the 
aforementioned noise can be avoided. In a real operation, since the signal 
shown in Fig. 4(b) is not generated all the time and the signals shown in Figs. 
4(a) and (b) and a signal having the middle ampUtude between them are 
generated, a threshold Vt of the amplitude discrimination (43) shown in Fig. 
3 is preferably set to a value shown in the next formula. 

Vh<Vt<Vh' (6) 
In addition, the input signal to the amplitude discrimination (43) is the 
output of the low-pass filter (38) in Fig. 3. That is, it is needless to say that 
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this may be the output of the low-pass filter (35). In addition, the present 
invention has been described by the phase modulation method of the 4 
phases, but it can be applied to the case of 2 phases. 

Effect 

According to the present invention, when the phase lock becomes oS 
in the carrier regenerator circuit, the unlocked state of the phase is detected 
and the sound signal is cut off by the muting circuit. In the normal digital 
commimication method, the carrier regenerator circuit does not operate 
normally when the S/N deteriorates due to the lowering of the reception 
signal level and the abnormal operating condition generates a loud noise in 
the sound signal after demodulated. However, according to the muting 
circuit of the sound signal of the present invention, even when the receiving 
condition extremely deteriorates, acoustically harmful loud noise can be 
completely avoided. 

4. BRIEF DESCTION OF THE DRAWINGS 

Pig. 1 is a block circuit diagram to explain a digital communication 
method of soimd. Fig. 2 shows a conventional example of a muting method of 
an sound signal, Fig. 3 is a block circuit diagram showing a muting circuit of 
a sound signal according to the present invention, and Fig. 4 is a view to 
expladn the operation of the present invention. 

(16) ... input terminal. (34), (37) ... multiplying circuit, (35), (38) ... 
LPF, (36), (39) ... zero cross discrimination circuit, (40) ... data regenerator 
circuit, (41) ... carrier regenerator circuit, (42) ... timing regenerator circuit, 
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(43) ... amplitude discrimination circuit, (4^0 ... integrator circuit. 
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multiplying machines 34» 37, carrier components 
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conversion circuit via a decoder 1 9. and inputted via 
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from the low-pass filter 38 are identified in amplitude 
by an amplitude discrimination drcutt 43, the signals 
outputted through an integrator 44 represent 
changes in demodulation signals ampfilude 
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errors occur and therefore the mut'ng switches 30 to 
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